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Abstract

Conteminsnis from sources extem < or intaral to an fnatrumant may de-
prade its grivkcal suclaces and/for create an envitonmant which limits the
instrument’s intended performance, Analyses have been cuied out to
investigaie mathods to pravent the ingestion of extemnal contaminanty into
the instrumant and ta limit the eiTect of the sellgenerated contaminants
during ground, [aunch, orhltng and landing plases of filght. It Is proposed
that s positive pressure and purging Now of clean gas inside the instrument be
maintalned while on the ground, during launch, and for & pericd of time in
arbit. The pressurs to be mainiained and the required purging fow are ex-
amined in tenma of the affectivaness in preventing gaseous and particulate
contaminanis ingestion and the abatement of the sell-generated contami-
nants. Considerntions have been given to the venting requicemsnts for the
structural intagrity of the instrument during launch, the limitations on the
volume and the pressure of the purging gas to be camied aleng bn orbit, and
the requirements 1o operste the Instrument after o reasonable time in orbit.
The required venting area is established based on the intemal volume of the
instrument, the allowsble pressure differential, snd the rate of extemal
pressure change during launch, Relationships have been developed for the
time dependence of the diffusion of extemal contaminunts into the volume
in terms of the volume, vent area, depth of vent passage, volume character-
istic dimensions, molecular mass of contaminants, snd internal purging pres-
sure. The exclusion of particulates is based an drag forces Induced by the
density and velocity of the purging gas. The volumetric flow requizements
are established for the indicated vant area end purging pressure. The abate-
ment of wil-induced contamination is predicated on the pertial suppression
of the materials ouigassing and the scattering and transport of its products
out of the volume by the purging density and flow. Full internal outgassing
occurs when the outside enviconment has improved, the purging is stopped,
asid the instrument is fully open. The results of the analysis have been
applied to a telescopn which s very sentitive to contaminant deposits on
cnergy cflecting surfaces and to other equally contamuiant sensitive aystems.

Introduction

An instrument ot a system may be degraded by gaseous and particu'ate
aterials deposited on its intemal of extemal surfaces. The degradation re~
sults from changes in thermo«optical propertics of the contaminated surfaces.
The contaminant modifies the absorption, reflectance and seattering of the
incoming radiations. The instzument performance may be degraded also
because of absorption, reemisdion and scattering of certain radiation by the
molecular and particulate medium in its Neld-ul-view, The contaminanta
may originate from several sources: residues of machining and assembly oper-
ation, handling; exposure to polluted environment; release of weakly bound
molecules from materiale under vaguum conditions; exhaust products of
nesrby propulsive or discharge systems; micrometecdtes impacts on ma-~
terisls; abrasion of moving parts; oxidation/degradation of materaly and
others. Many précautions have bren employed to reduce the genemtion of
thox contaminants and their effects in space Qights. However, several have
depended on the svailat!lity of time to allow the environment to become
acceptable and the instrument to dissipate (ts own outgassing and clean itself.
With the advent of the Shuttle, the environment of an Instrument located in
ite bay is affscted by other neachy syatems and by the many service funciions
to be performed by the Shuttle, In addition, the time available for an Lastru-
micnt attached to the Shuttle to accomplish its mission, has been curteided to
the arder of weeks at least for now, The delay tactic cannot be employed.
On the other hand, the Shuttle has provided many other banefita: reflights
with refurhishment of tnstruments and systems: hands-on in orbit for cor-
tective actions and operation; and, mote impostant, it can carry many pay-
loads and ancillary devices and systems.
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vl proposed 1o widize gascom purpng avadable fi b [ Y
attached to payloads ar from service facilities on the Shutile to prevent
contamination of an (nstrument, The puige can disperse and prevent the
antrance of extemal contaminantx 1o critical locations of the instrument
while it is on the ground and during launch, reentry and the early houts of
the Dight when contaminiation hazards sre at their maximum. It can also
prevent self-contamination of the lnstrument by reducing the outgassing of
the intemal surfaces, and by sweepirg out those outgassed molecules and
residual contaminants from surfaces. The benefits, limitations, and opera-
liona) parameters have been discussed in the paper. An application of the
purging ia carried out for a large telesgope which will be making solar obser-
vation from the Shuttle bay, Several Macton which influence the choice of
the purging patametcrs have been examined, namely: (1) the venting te-
quitemnents necessary 1o limit the pressure differentials caused by the rapid
pressure drop occurring during the transanic region of the lavnch, (2) the
operational constraints on the length of time during which the purging and
the natural sell-outgassing of the instrument can be sccomplished; (3} the
quantjty, voelume and pressure of the purging gas which can be carried in
orbit; (4) the gas ftow which would not create in the bay a high pressure
while the bay doors are closed; and would not be & source of prapulsive
effect. The analysis examines the following parumeters. (1) the vent area
requirements for the launch conditions; (2) the diffusion of external gases
into a pressurized volume via a vent passsge;(3) the partial pressure of ex-
tems] gases which can build-up in 4 volume under purging conditions;{4) the
outgassing of materials In the volume under pressure; (5) the depozit of con-
taminant and its effect on the absorptive property of the surface;(6) the flow
tequirements to maintain o pressure in the volume and finally, (7) the nizes
and velogities of particulates which can be stopped and blown away by the
purge gas velocity and density, The rasults of the purging analysis as applied
to the telescope protection during ground launch, orbit and deorbi ‘ng phases
of the flight are reported. A summary snd recommendation completes the

papet.

_\_n'ﬂlin! Arca

The flow flelds surrounding a steucture duting atmospheric flights produce
pressure distributions which determine the cates of energy and mass transfer
through vents. The flow rates through the vents ate sensitive 1o the pressure
vatistions st the vanuy, Insufficient venting snd improper locations may sube
ject 1 compariment to high pressure differentialy and situctural failures. The
difTerential pressures can be limited by using (avorable vent paths, vent acens,
orifice configuentions and locations. A auitable approach to the veat of a
compartment is to design the compartment to have a (low tespunse time cun-
parable or faster than the exteinal flow field disturbance time, The author
employs the following to estimate the pressure differential at a volume pro-
duced by an extemal pressure drop rate dP/dt occurring at & base pressure P
Assuming (sathermal flow conditivns and small pressure differentials, the
conservation of mass rpplied to the gas in volume ¥ venting through an ori-
fice of area A and discharge cucfficient Cpy 18 d(pV)d+ = pvACq, where o
gas density and v i3 velocity at the orifice, The density in terms of
pressure and temperature using the gas law is p = P/RT and w3 dervanive i
dofdt = LIRT = dP/dr. The gas velucity is v = o/ IgR 2 /3g(aPla) =
+/ZRRTTAPIP). The substitution of these expressions i the above relanon
whete V, A and CD Ate COnstants, give

% - 1933 /2ART (&F[F) M

Solving for AP, one has

1 v Y apan?
ap o —— ] (2)
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or the ratio of Y/A Cpy whuch produges a prassure differentnl when the ex.- The ume constani fp = AV/AD applicable ta the ditfusion of a At
temal pressure drap iate i dP/dt = P and the peeniue is P o B isgiven through s layer, d uf s inta & volume V can be wittten with the above
hy substitations as,

v 12 12
(7\"5;) - \NIRT(P,AP;F) () (3 SN LA (—Mﬂ) (—-T-) & (s} (1)

P oAy pp, UM T, A
In this exprassion g = 9.81 (mfs%) i the accelenation of Favity, R » and fur water vapor diffusing wae aie at 20°C, the time conmant 1 s =
29.2(m/K) ia tha gas constant for air and T(K) is the gas tempeinture. The (F/O.241,,) (L4V{A). This enpresswsn which reflects the pressure, the opening

rifice coeflfishnt Cpy can ba taken conservatively to ba about 0.6, It <an be area, the passage thicknes and the volume, has been plotied in Figure | 10

shawn that thess relationships relate the time conatant of the volu ne-urifice tesme of V/A and pressure P, The plot is fur d = 1 cm o that for other values

system with the time involved in the extemal flow fiald changs. The evalua- of d, ane shoukt multiply by d (em) and fur other temperature amd masses

tion of the required vent area requican a knowledge of Pand P, and the spe- by the ratio she ~n by the theoretical equation for D,

ciflcation of an acceplable AP, Experimental measurements o?pnuum

verus time an a spacesrait have bean used to specify Pand P, Altematlvely, The previous time canstant reflects the penctration through the entrance

Naw ficld analyses based an conflguration and trajectary of the vehicle have ta the volume. |1 may be necessary fur a Iage volume 10 consider the vana-

provided these parumeten, tion of the density » at & loeation £ from the suiface of the volume or 1 the

premat case from the wrface immediataly after the entrance. This can be

The above equation provides the wlze of the vent area which sllows s cer cstlmated using the time dependent. cae dimension diffusion equation

tain presture difTerential ta occur in & volume during the lauach phas of the defdt » D d?atax? where D Is the diffusion coefflcient. The solution of

(light. Unlem the vent aces can be changed during « ‘har phases of flight and this equation for the uniform diffusion of the density 8, from a large surface

on the ground, the ares size so established, becomes onsic te the purging flow 1o » surface 28 distant from ivis (reference |, page $81),

requisemants ind the protestion against contaminants i a fyuten.

Penetration and Diffusion of an Extemal Gas into » Presturized Volume Py ¥

3 ~(28n2Dsakt p
The mass increase with Hme into a volume V (em )m a flm of thickness + © L I
d (cm) and area A (cm?) of a A 8t density oo (gfem?) can be expresscd by

o 8 [‘-(nlelﬂi:)l o ~(9miDME),
T
%)

the ¢quation
It ia shown that for D/S? > 0,089, the second tenn in bracket 15 less than
dp DA 2% of the first term,
M ) (4)

Hence for tong time t snd relativaly smali £, the sotution to a first apptoxi-

3 ] mation can be written as
where D (cm?fs) i the diffusion coefficient of the entering gm through

another gas representing the film, The solution of this equation forp = 2y

atr = 0, which can be verifled by substitutions, 1 2. {- .:_ Vo (t0)
Ry L
“tfr
b = pol~eTy GY  wherery = 4832201 a charactensinc ume. For( = tp the denity 1s

£ 0.70p,, 10 rp has not the same significance of the time constant de-
fined a5 the tine when o 2 0.64 po. The error whish will be made with the

where rf = dV/DA (s} is the fime constant which corresponds to the time ssqumption that the characteristic time has the same meaning of the usual
when pfog » (1 = 1/e) » 0.632. The diffusion coefficient from kinetic time constant, can be determined by iu comparison to the penetration 1ime
theory of gases, (refarence 1)is D = Ac/3 where & {cm/s) is the average sonstant. This preudo-time constant can be expressed with the substitution

velocity of the gas, snd A {em) is the mean free path of the gay. The velocity forD s
is given by ¢ =\/BKT/Am and the mAp by A = kT/m/ 2 52P where k is

the Boltzman constant ant* the chasaciasistics of the §3% are given by the

temperature T(K), the n- lar mass m (g/malec). the molecular di.motes

& (cm) and P (tor) is the pressure. The axpresaion for the difTusion coeffi-

cient with these subacltutions becomes

T3
L Vv = TN {em®2) )

3 alp M

D=

where N, the Avogadro number and M the mole mass have replaced m =

M/N. An equivalent vaiue or reduced mass of M and & is nceded to calculate
the diffusion coefficient of two gaser, The dismeter § must reflect combined
forces between the twe molecutes in addition (o the molecular sizes. Experi-
mantal data ace available in the tterature {references 2 and 1) giving the cuef-
ficient Dy far several combinations of gases at & temperatura T, and presaute
Po. An approximate value of the coefliclent at different temperature T and
pres P and for the gases having an equivalent motecular mass M can be calcu-
Iated by modifyiag the theoretical expreaston for 1, 1.e

-2 ] |
b e D fp, M R,Iqm 10 10 10
— ?
©p M, T ) TIME CONSTANT, 7 (DAYS)
The expetimental value of D, for Hy O diffunng into ar at Atrmumpheng Fig. 1 Time consrant for penettation of Hytd i & volume ¥ 6en ) witls e

presture (P, » 760 torr) and a1 T # 273 4 20 =~ 293K 1 0, ~ 024 cmlyy At pressute (1are) e an opening of area A (m?) and depth d (em)

32
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The abiave has bwsn plotted in Figuie 2 far the diffusion of water Yapur iato
wie wt 20 ir: tennn of the pressare P and fos € vauying from 6.2 m to o m,

With the shove susumptions, the totsl time couant r far » g@as to pans-
Irate the snteance of the valume, MU it up and difTuse 10 & dixtance £, | the
som af the twa 1ima constania since the flow Taslatances see in saries, or

va  af?
SR T Y

172 m 2
L] —P_ Eﬂ. -T— }:vd- +* i. (12)
PO\M ] AT, A A

A comparion of the values of rp a0d 5 ¢an be obtained by using these data-
Ve1som, An0SmE, dn0.tm, €0 2.5m, P= 760 tors and Dy =
0.24 cm2/s. These values are tepresentative of the shuttle bay and the time
<onstants which may represent the time for the diffusion of wates vapor in
the shuttle bay at e normal condiion of pressure and temperature, It is
found that Tp is about 33.7 days and fp sbout 0.305 day indicating a total
time constant af about 34 days, The time constent, disregarding the diffu-
sion, would be about 3.6 daya withd = 102 m, This compares favorably to
the time constants obtained from  series of expatiments an humidity infil-
tration in o volume via thin orifices (reference 4),

Equilibrium Parvial Prasaure of a Contaminant Gag in & Volume
nder Purging Condition ]

The putial pressure P of a gas st presusy Py infltrating and diffusing i1 a
valv.ne, while & purging low Q i opposing the inftretion, can be obisined
from the equation EXpreming a mass balance In the volume under isothermal
condjtions,

dp
Ve » C(,~P)~QP an

where C is the conductance for the inflow o1 the contaminaat, Reamaaging
the equation and noting that C/V = Y/r in the infiltration and diffusion time
constent and Q/V = |/, is the change of purged volume per unit {ime, the
above equation can be written

A Sl

dt r 1Y (e

T_T‘lT'Il'l] T TTT'IITI]

TIME CONSTANT. 7, IDAYS)
3
=

10°7 T SRR TYIY SRR TTTY AT ST
107 107t 10 10! 102 109
PRESSURE {torr)

Fig 2 Pyeudo-ume constant for H,O diffunrg t a distange qm) in a large
2
seciion valume contalning a¢ st pressure P (ton),

5 Ha
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This squation can be solvad 1o provide the contaminant pressuie in the vi -

ume a8 & funcim of time, Howevar, the equitibaum maxumum presuce
which can occur when dP/dt » 0, will be

P-__p (5
tptr 9 )

101p < 1. a0d ane ignares Lhe diTusion partion of the infiliestion fime cun-
stant, the contuninant presmure i the volume as givan by the above equation
can be approximaie by P ~ (Dipvd)P,, wheia I} is given by aquanien (7), v
fa the exit vslocity of the PUIEENG gav at density p and d is the depth of the
prssage,

Effect ol‘_?rmuu aoft Qutgessing of Matenals

The outgassing f materials is charscterized by:

® Tiie nature of the matenal; for & given matenal, the autgassing i a fung-
ton of the surface tresiment and the stmosphenc composition 10
which it was exposed.

® The outgaming is proportional 1o the surface ared and (ncreases expo-
nentlully with temperature and decroases slowly with time and appas-
ently never becomes zero at amblent tsmperature.

® The outgassing rate of & materiad s independent of the total gaseous
pressure on the surface when this pressure is lass than abour 10-) torr.
This behavior has not been established with complete certanty but it s
valid as » finst approximation,

The wilect of the total pressuce on the outgassing can be evalusied by con-
sidering the “survival relation® which gives the probability of the number of
molecules N aut of & total Ny which will reach a distance x from their on&n
Fiven that the mean fres path of the 183 i3 M. The cquationia N » Ny e ?h,
The number of molecules which will have made a gollision and are scatrered
within the distance x are, Ny ~ N = No(t ~ /Ay 5o that for 5 = A, 64% f
tha molecules will Lz scattered. The mean free path or average distance per
collision for a gas st density n (cm“’), tegute P (torr) and temperature T(K)
legivenby A = 1A/ Tro2n = KTA/Zn0?P (cm) whete k is the Bolizmaan
constant snd o (cm) is the effective molecular diameter. A plor of Aas
» function of pressures for several Kkases is shown in Figure 3. A large size

10
103 X

104

10!

mtéu A
AN

AR 02 Ny ARGON
Va

<o, H,0

1074

1n®

‘0.-6 Luud_‘uuud 1_u.uuL|..|.mlf. LumLi u:.lal,u-mL FuTIT
LR S N L L 102 780 tonr

Fig 3 Mean f1ee path as & function of presu.e at 20%
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malecule ar n chaw of malecules s thos relsssed by pulymaric matariala,
wauld have & smaller mann fraa path than that offersd by als or Ny to 8 sml-

han baen mixad randomly within the gas, 1E & puigng 13 present these scat-
tarad molscules will ba alsa craniported hy the purpag (fow

Ins mulecule. The mean frec path for & Ny puiging pressurs aLl toir s ahout
41077 ¢ and 64% of the cuigassed molecules would be scatterad within
this dutance. A large fiscunn of those scattered melecules would eiusn to
theiz suilace of orgn and the outgasing rate would be nducad. Faw data
are avallable to indicate the raducton of outgsssing or of distilistion-
avaparation at high tatal pressurss. Dushman (eefacance 1, pege 21} teports
dain ohtained by Hickmann an the diadliation of Octail at teampantures of
268, M3 and 393K with residual sly prossutes on the Octell varying
from Ix10°% 1o 5k 107 tomr. The daa shaw for exsmple that whan the satu-
ratsd vapor pressure of the Octoil waa 121072 (o, and the sy prenaure on
the surface was Sx10°? torr, the rate of distillation was 20% of that with
residuas gas pressure of Ix10°* tarr  Anather evidence of the effect of pres-
suea on feducing autgassing c<n ba abiained by comparing the rate of evapu-
satian of water undey vacuum and st atmospheric pressure. A mmi~empisical
cquatiun for the evaporation of water per unit area when the atmopheric
prevute s Py ia reference (5).

[+ §
LA -;:(?lmr,.) (kg/hifm?) {16)

where ar» 24 kg/hefm? for no wind conditions and o= 29 whan wind exists,
P, is the saturation vapor pressure of the water at temperature T, snd P, the
vagor pressure in the air, This equauon can be compared to the rate under
vacuurh given by the Lanpmuis equation

w, = 58332107 JMIT @, -P,) (gemifs)
= 5182101 (P, - P,) (ke/he/m?) (7

where M = 18 (g/mole), T = 193K and P (tcer). If one lets P, ® 0 in both
the equations, teic mitio indicates that

L 463x 10?
]
P, v

(18}

where P, (torr). This relation which has been plotted in Figure 4 (or conven-
ience, indicstes that at P, = 760, W, * 6.09x10°3 W, and the two rates are
equal when P » 4.62x10°% o,  According to reference (6) the rate of
water evaporation at STP is prubably 10°2.-10" the rate under vacuum and
sccording to reference (7) is about 107, , any case, all these considerations
show that the outgassing will be reduced considerably under a total pressure
which provides a small mesn free path. Two more effects of high prasture are
important. The survival relation shows also that the flux ¢ = ¢ ¢™"/N ata
distance x from the source when the m.f.9. s A, 50 at x = 10A for example,
the contaminant outgassing it a very smadl fraction of the surface fux and it

Y

LR ARL

T r‘l"l“] ¥ T‘T‘ll]

—L-J—lLLUJL.——L-L—LLLLLLI-——L—-LI—I-
1ot 1? ! 10? 10?
TOTAL PRESSURE (tare)

19°%
102

Fig. 4 Estmated fraction of maximum materal cutgassing rates a1 a
function of the total pretaure an the surface.

Particles Rejsction by & Vant Gas

The velucitios uf particulates approaching an InMeunum may be

® Terminal velocities of particinn (alling 1n a gravity field through s med-
lum at dansity 5 snd viscowty n. As shown i Figure 5, tenminal velo-
citias of large particles (0.9 cm) may be 4-5 m/s st nuermal ambient
cemnditions.

® Velociies which the panticles have acqured (rom a gascous medivin 4y
far caample by wind ot by cleanruoim mr Duws, Particles velocities in
hanzontal cleanroum incilities may be of the orded of | m/s.

& Velocities of particles produced by propulnve systems. These pariicles
may appraach sonic velocities or superomic velocies (v -\ﬂwﬁlhwl )
of gases at T(K) with speaific heat ratos 7 which can be of the order ol
2-3 kmfs.

© Velocitics of pasticles ejected from the unpact of meteantes on sut-
faces. The meteorites may be traveling at average velocities of 15~
20 km/s. Some ejects may acquire these valgcities if the metcodites
have sufficient eneegy 1o overcome the vanous forces halding the parti-
cles (van der Walls, Coulombic, adhesion, etc.) snd to impart A kinetic
energy to the released particles, However, it is estimated that in gencral
particles relcased in orbit by ihe Shuttle are & few meters per sec (refer-
ence 8). !

® Velocities of particles ingested via Shuttle filters during teentry which
coutd have valugs approaching reentry velocities,

In arder to evaluate the effectiveness of a purging gas in preventing

particies from entering an instrument via 8 vent area, the following analysis
has been carried out.
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The teminad vatocity of s falling pasticle 1w obtansd when the particle
wiight aquals the drag farce an the paicle 1o, whea mg = . Tha demg
force sn 8 fupcunn of tha [taynold’s number R = avdfn whew o (kum]').

7 (Pas) are the medium dennity and viscosity respectively, v (mfa) and d G}
are the vetogity and dismetar of the paiticle. The dynanic viscamty vanes
with tempaiature and witl vary with pressure when the particle dimensiuna
ase compuable o the mear fras path in the madiuan. Fora R < 10, the
deag force s given by Staken law, Fpy & Jmpdy For 10 < R 2 10% the
disgis Fyy » Cu(udzﬂ)ﬂvl whare Cpy, the deag cosificient in & functiun of
R and the shaps of the pasticle (taference 9). The teeminal velocitles sce then
pven by

2
F"d
- mfs 19)
" L] (mis)
il Stokes law npplies ar, in the other case by
4 d s
v - \//:: il L3 (mfs) Q0
3 2 D

In these equations pp (!wm’) is the density of the particle. [ one assumes
that 2 particle is moving st a velocity v, through & gas moving in the opposite
direction at velokity v,, the drag farce an the particte will be Fpy # k{v, + v ).
The constant k is the constant In Srokes force and (v, + v,) in the velocity of
the particie relative to the gas steeam, The equilibrium equation in that case
will be kv, +v,) =mg. if v, =0, then v, » v, the termunal velocity. For

vy ® O.dividing X (v, + ve) * mg by kvy » mg, one obtaint votvgfvy = 1. This
indicates that to stop the approsching particle (v, » 0), one needs a gas velo-
city vy ® —vg. For the purge gas to make the pasticle move away with a velo-
city equal and opposite the terminal velocity (v ® —vy}, 0ne needs a puige
gas velocity {vg = 2w}, i.¢., two times the terminal velocity.

For the calculations on the sizes of the particles which ¢an be stopped by a
purge flow, one may assume conservativel p, that only thase which can be
given a velogity vg/2 = v il be prevented from entering the instrument. This
sssumption should insure that the amesting will occur far feom the vent exlt
snd compensate for the fagt that the shove snalysia applies 10 the case
uf Stokes drag and not Lie casc when the drag is proportional to the square of
the particle velocity. With thew assumptions, the slre of the particles which
<an be prevented from entering can be estimated using the pravious equations
for terminal velocities with the substitution v ® v /2, ic.,

it N
ot 2 (m) (21)

]
c H
d = % ~nf (.;!.) (m)

The appropriate equations to be used is determined by the Reynolds number,
One may note that the maximum velocity of a gas at the throat of an orifice
will be a sonic velocity (~310 m/s for Nitrogen gas at nurmal temperature),
So, certain particles moving at these velocities can be stopped by the purging
flow.

22)

Rejection of Matural Atoms and Molecules at the Entrance of an
Dpen Instrument

An inatrument open to space such aa a telescope, is exposed to the ux of
the natural atomic and molecular gases. The flun which is the product of the
density and the relative velogity between the instrument and gas can be very
high when the instrument ia pointing into the velocity vector of the space-~
craft.  As recently reported in reference (10), fluxes of atomic oxygen at
Shutil* orbital altitudes have been sufficiently high to case enidation and
aging of several materials, The lusses have heen quite high considering the
relatively short time (~m10* s} expusuee of the matenals to the high axygen
fluxes.

The avordnace of these high [inxes into an insteument or over & surface can
he prevented with a low pueging aun-cuntsminating gas. The purge gas aiust
scattar and reflect the incoming gas withan a convement distance from a criti -
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cud surface  Thi puigng gas, s sausansd snoaelerenca (1L, o1 by unng a
musdified “suivival equatiun” shoubd have a inesn (ree path

)

where L (cim) i the dislance withue whach the scattenng has 1o iwour,
v (cmfu) i the purging gas velocity and v (cinis) the relative velinity ol the
natural gas with respact to the instpument or suriacs (v, ~ 8 kmfsin the velns
city vactor), The prasuie correspending 1o X is gven by the relaton ipds-
cated previously or abtained from Figure 3.

Fluw Requiements and Exit Fiuw Veluties

The cuntaminatiun prevention against gaseous and patticulate contanin-
ants either external or inteinal to kn insteument is predicated on the mtemnal
pressure and Lhe exit velocity of the purpng gas. The puring gas 1s either ey
ne of gaseuus nitcogen, The quanbity of purge pas 18 8 funchon of the vent
aMES, A(m’) the pressure 10 be maintained P (tore} upstrean of the vent aiea
snd the downstream pressuie Py (taer). Fur air or nittugen, whea Py #0538
the viscous Mow of gas at standard pressuce and wemperature (SPT) from an
orifice with small pressure diffesentials 13 given by

Q = YAy = yA JIRTP-PPY  (mny {24

which is obtained from the Torncelli equation. The coefficient ¢ which ac-
counts for 2 velocity coefficient and vena contracta, may vary from 0.64 to
0.98 (or an orifice. The other paramctess arg the lemperature of the gas
T,(K), the acceleratiun of goavity ¢ {mfs?) and the g8 constam R =
29.26 (m/K) for sir. The flow velucity at the exit for the same conditions «f
P, > 0.53Pis

v ooy 2;RT0(F—F°]F°) L. RV TJF—-PUJFOi (m/s)

(25)

The velocity coefficient cris sbout 0.98 for an orifice. The continuun gas
flow rate 2L SPT whea P, < 0.53P is from the “Fliegnes equation™ uung
Alm?), T(K) and P(torr),

AP
Q = 434C, "-\ﬂ—;- (m*fs) (26}
v

‘where Cpy 18 the discharge coetlicient. The above for T,, » 293K reduces 1
Q0253 CDM’(m!Is) =~ 1522 CnAP{m’Imin). This equanion pormal-
lzed with the volume haa been plotied in Figure 6. The normmalizatiun pro-
vides the number of volume changes per unit time, Q/V {m*fm? fmun) o1 the
time needed for ane complete volvme change 1,  ¥/Q {min) as a function of
the purging pressures wnd the sizes of the ortfice. The plot includes also the
flow required when molecular Now conditiuns exists, This vceurs when the
gas m.£.p. is about 10 timea the diameter of the onfice. The Ruw of atimue-
sphetic pir at 20°Cis then Q ~ B8 AP(m’lmin}. The exat Now velovity lor
the contnuum fow regime when P, < 0.53F 13 sonic at the onfice and 15
gven by

/ e
vrQ FTT"P.Tu

whete 77 cpfcy = L4 inthe it of the specilic heats lor an, and o = O 98
in the velocity coelficients, The other patameters are a3 licated above

= 1830 /T,

{infs) [t ]

Contaminant Deposits and 1ts Opical Flledt

The depasit on & turfrce by a contarinant with a vapor pressuce lesa than
the saturated yapor pressure cotrespunding to the tempreatute al the suttae
<an be extimated wang the Fangmiuit equation for adsrptinear Mot s
rately usig the BET relatin refeeence (12), The Lanponne A5 plsiy v
therm 13
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e = v = (583107 WITPy AT (gemd) (28)

where 7% | s & sticking coefliciont, @ (;.fcm’ja) is the flux of contuminant
impinging on the sutface, M (gr/male) i3 {ts moleculsr mass, T(K} its temper-
ature, P (torr) its partial pressure and r i & residence time of the molecule on
the surface. The residence time ks 7 = 74 6F/RT yhere 1o =107 () b e
oscitintion period of the molecuie on the sutface, E (calfmole)} is the activa.
tion o binding energy of the molecule on the sutface at tempetature T(K)
and R (calymokeK) is the §a constant.  The activation energy may have a
value approximately the same as the heat of evapocatian if the sdsorption in.
velves physicel forces and if many layers of deposit 13 heen accummnlated
on the suface. O, it may be savaral times che heat o, cration if the ad-
sarption ivalves chemical bonding,

For the case when the contaminant 638 pastial pressure is greater than jts
saturated vapor pressure at the surface which existe in mncral, when eryo-
gemuc suelaces are present, the sccumulation »n the surface [s n condensation
procem and can be calculatad by summing the net flux

. t
x f (9 - 9 Mt -lf P~ (wem?) @9
t

10 1]

where @ ia the incident lux and @, 13 the NMux of contaminant departing the
surface atita satirrnied conditions.

The optical effect of contaminant deposite on & suelace w difficult to evnd-
uats hecause ane must know the comples index of reftsction of the conta-
minast snd sabittate. The effect changes with the radiation wavelengih, the
centaminant thickness sad distribution on the sueface. An aatimate of the
ahsorptian at certain wavelengths by contaminsnts can be obtained by apply.
ing the Lambert relation. The Insa of incident (ntensily through a thicknes
ttA) of material which has an shsarption coelficient orgA~! ) At certain wave..
lengthy is
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The absuiption coefliciene will change o ihe ctieninal natare af ihe depon iy
mudified by certmn sadistiung up ENEIgENC parii ey

Agp'juuun

The reaules of tha previous analyus have been applied t the contammnant
Proteciion af a solar talesopy which will be carried n wpace by the Shuttle
The telescape will famaln in orbit for sbuut & week and will be makang sun
observations from the Shuttle bay “lez energy in the (2lescups will be very
high and part of it must he rejected via mirrors back Into space Con-
taminants on thuse surfaces can affcit negatively the (RJECHON IEQuIEments
and introduce lnstrument Jom of senutivity uh several regons of the spectruin,
especially in the UV, region. The tetescupe tube with communicaring vil -
umes has teen estmated to have a volume of ahout 16 m? and to b ahout
6 mlung. The telescupe closure duor which for protective ressons witl re -
main cloved dusing groundd, laanch, sitial orbial phase and return, has a Gia-
ieter of 1.3 m,

The calculstions and application of the theary which follaw are prelisni-
nary. However, they indigate that the propused purpng is feansble and can
ptotect the telescope againat gaseous and particulate contaminants external
and in2.mal 10 the telescape, duting the most eritical fenods of contam:nant
hazards, These periods are ground operations, launch, early hours i orbit
and teturn from orbt.

The results of the eateulations which are indicated beluw have heen shown
in sammary form in Table I.

Telescope Tube Yent Arca Requirements

The vent area requised to prevent a heop pressure differentsa) acruss the
tube can be estimated from equation {3). With the asumption that the tube
firucture can withstand » maximum AP = 0.25 pi (13 torr) white flywng
through the tra.sonic regime of the flight st an ambient pressure of aboul
14 psi and the rate of prevaute drop is about 0.457 pai/s (reference 13), the
requlred volume vopt ares ratio with & coefficlent of about 0.6 i VIA=
1.67x20% Cp, ~ 103, The required vent area for V = 16m? is then A ~
159 em? (24,7 lnzj. Thia total atea will govern the enirance of contaminants
and the purging flow through al of the operational phases of the telescope
unless provisions are made to fimit the area duting other opecational phases of
the instriment,

Ground Purging Protection

If one decided to maintsin & purge pressuce of P & 173 1orr (0.25 prighin
the telescope and the antrance of contaminant is through 1he previously cal-
culsted 159.6 cm? with an sasumed pipe depth of d » 8 ¢m, the time con-
stant for & contaminant to inflitrate the passage and diffuse 1o a loeation € »
6 maway, it given by equation (12). The time constant for water vapur
which has u diffusion coeificient D, = 0.24 cm?/5 at 760 torr and normal
temperature has been calculated ta be ahout 46.38 days where 39.2 dayy
were Laken by the contaminant to move through the passageway. The ume
constant for a contaminant having an M = 400 g/mole will be 218 days. These
ate the lengehs of time requited for the contaminants o build up to 7 of
theit externel concentration if no purpng Huw existed. However, (he
tequired flow of purge gas 19 muntan 773 e in the telescope with the ex~
ternad pressure at 260 tore (14.7 psi) will be O = 0,53 ¥ /s a1 STP as calo e
Inted using equatinn (24), Thie exit velucity from equation (25 will he v -
52.6 /s and the time lor one change of volume will he e LFLP T PV
The equilibzivm marumum partal pressure of contaminant (M = 400 &/inale)
which can exit in the telescupe will be 7.5510°% of 414 exiernal pressure and
for water vapor LOXI0™  These were walculated uning equation {15)
Theeetote, there should be i contanunation while the teles e s beiny
purged.
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113 m}.

ShutUe Flight: Max AP/AL = 0457 pufs al 14 pu
Ventl Beyurements w/Cavity Deor Clused VA 2 m‘_ depthid = & v

{hhn
Purarnater Ground® Lauach ] Ieatnit Landng Commenty
0 1he 1 24hr
Vent A (cmzj 159 (24 Inz) 149 159 1o 159 Vent s requanedd
for AP < 025 pn
dunng launch
phase
Purge Prast (o) 13025 pu) Pount! 1 Pouat! Py T vanahle
press in bay
Purge Yolume Rate (m /1) 0.53 0.14 ~ 4.2x107% 4. 20107 . 42x107} - 014 Quaniity ot 1 by
purge: C.im? ar
2000 pu
Flow Velocity (m/s) 52,6 146 ~ 369 m - 109 - 14.6
Time/Volume Change 30 wec 1143 sec ~ 1.05 hr 105 he - 105 he ~ 114.3 sec 7
Contaminant Infiltration 46d 4564 ~ 144 hr 1.44 ht 0 144 —45.6d Hy0
Time Conatants MET 2144 - 6.78 br .78 hr D] 678 hr -~ 2t4d M = 400 kg/mole
Fraction of Contamination 7.4x107% 29x10° - 0.42 042 - 04229810 | K0
Pressure in Yolume at S. State 1.3x10°¢ 6.1x10% ~g.13 0.13 - 043 - 61100 | M= 400 kyymuie
Pressure in Bay (1or1) - 76) - 3x10°% 1072 - 1072 . 781 Pressure produced
by purge w/bay
7 doot closed
Purge Cas Mean Free Path (cm) 6x107% 621070 - ax103 4xi073 - ax10°2 - 6x10% | ncavy
Inteenal Qutgass ex107 1075 - ax107? wo? | e, 4x107 ~6x10°5 | Fracuion of rates
in vacuum
Gas Contamination Deposit - - 3-10A - On 20°C degrada-
tion: 8% absorption
~ _ _ Ml v
Dia. of Partictes Blown Away (cm) 12 9.5x10°2 - 1.4x10°! 1.4x10"1 - 14x10°! ~9x10°? | Maximum dia. for
particles &t 26 m/s
(ground) & 155
mys {orbit)

*Ground puige as shown provides larnge protection at expense of large flow, Purge pressure can be lowered.

The size of partictes which will be rejected by the purge gas have been cal-
culated using squation (22) with v, ® 526 mfs, p= 1.22 ka/m3, Ppm2.6x
103 kg/m? for sand and Cjy ~ 0.5 for the diag coefficient in the range of
10 < R < 0% applicable to a spherical particle (reference 9). The calcutation
indicates that the particle size which could be blown away will be as large s
1.2 em. The Reynolds number is about 21730 for that size particle and far a
dynamic viscosity for the sir at normal tempeeature of g = (8.1x107¢ Pasy.

It is apparent from these results that by using 4 0.25 puig purging, one is
overprotecting the volume at the expense of & lasge amount of purging gas.
e may want to reduce the pressure and/or reduce temporarily the vent area
during ground operation.

Launch Fhase Protection

[huring the launch phase uslig » presure controller, the purging pressuse
should he maintained at about 1 tors highes than the decaying external pres-
sure. This will provide a flaw ot of the yolume which will pravide an ohats-
cle o external contaminants. The Row will be 0.14 m3 /s with » velncity of
14 6 mys at start of the launch phase ag caleulated using equationa (24) andd
(25). When the external pressure B,y < 0.53 torr (in orbit), the (low will be
=42 x 10°Y m3fs fequatinn (26)] and the vetoclty will ba 309 mfs [equa-
tien (2], The time constant for Infltration at 761 tore (on the ground)

pmegiee 3y o d goegs e e ey e

will be r = 456 days for water and 214 days for M = 400, and with the purge
period of " 114.3 5 the maximum pressuse of these contamunants in the
telescope will be 2.9x10°% P, and 6.1x107¢ P, respectively. The particle
sizes which will be rejected under these conditions will have diameters up v
9.5x10°2 ¢m with velucities up 10 14 mfs. These reaulis indicate that ane
could use the | tore purgpng pressure duning geound wperations and ihe 1ele-
scope would he sutfiniently protected.

In Orbit Prutectiun

At the end of the 1aunch phase and in orbit, the purging pressure will e
1 tosr and the bay pressure will e less than 0.53 1urr. The i arbit putge
pressure must provide a sufficiently Righ pressuic to prevent sncomuig gase -
ous and particulate contaminants; arrest to 4 fnrge eatent the internal uut-
gassing; and be ms fuw at pumsible o that the requued amount of parisa
minimuin,  This last requirement 1 important for the limiation on the
amount of g8 to be carried, and {or the pressute which can he established in
the Shuttle bay whiie the bay doors sie Josed  The une 1ore presaure was
selected with these cunsiderations in mind

The purge Bow under these conduiens, will be 422107 % md s and s et
velocity, 309 mjs. This flow rate i egravalent w ) =3 PR 10 toer |/ be
g emitted in the hay  The hay with Wlosed domrs has & venting ates of




about 0.5 m? which carfesponds 1o n coppductance m the viscout e at
Cm]OA » 10010% #a(referenca 1} The equilibnum prasture in the bay
wthenP=QfC = 2. 18x30? torz. This pressuss may be cause for sume con-
cern Voltuge breakdawna under certain cunditions could cacue. However,
other analyses have indicated that the bay prrssure doas not diop below thy
value until ahoul 20 ininutes in arbit 11 drops o about 107} 1o and
remawns ot that leval for considerable time . hartfoe, the additional presure
dows not change wbaandally the bay presture. Afur the hay doon open, the
bay purping induced premums will drop substantially. It appears that the flow
1 acceplable hased on these considerations and tha fact thal the purping will
{aat 2 limited amount af time as will ba discumad istar 1F 1t ia found unmcep-
table, one may piovide sn sutomatic partial clusre of the vent ses 1o limit
the faw of gas inta the bay. [t ivrabe noted that the puipng Noaw will alsa
have some peneficial affeces b, arresting, mixing and iransparting the outgas-
ungn the Shuttle bay.

The time conant 1 s calculsted far P = 1 o, for the lnfilirauon of cun-
iarmunants will be 144 hours for watar and 6,78 hours for M = 400. These
values and the volume change tma of 1 05 hour limit the maximum parhal
pressures of the water and that of the real contaminant (M = 400) to 0.42 and
0.1 1espectively of ther m bay pressures These valuea were obtained by sub-
stitution in equatons {12) and (15) of F» ) torr, V/A® 10% cm, d» & cm,
Q= 6x10% cm, D, = 0.24 cmifs, py = 760 tom, T = Ty, Mg = 18 g/mole and
M = 4C0 g/mole.

While this putge ison, at P# | tor (A~ axior? cm), the outgasing of the
internal surfaces will be sbout 4 percent of the yalues they would have if the
tatal pressare on those susfaces was tess than 4651071 (equation (18)) . Also,
some of the mokcules outgassed will be 1ansported out of the volum. by the
purge flaw. Cue can meason that If the ourgasing miateria) inside the tele-
scope is of the same nature of the many polymeric materials (sich s RTV-
£66 adhesives, 513G palnts and others) which have a saturated vapor pres-
sure of about P, » 3x10°% torr st normal temperature, then the actusl vapor
pressure in the pucged volume will be less than a%x3x10°3 = 1,2x10° torr.

One must add 10 this pressure, the pressure created by the inflteation of
the external contaminants. The in bay partial pressure of o imllar contami-~
nant cannot excaed its saturated vapur pressure of 3x107Y tore. tn fact, it
must be less a8 dictawed by ita venting aut of the bay, via the shuitle side
vents, 1t will be even less when the bay doomn are open, 1f one assumes, how-
ever, conservatively that the outside contaminant partial preswure 13 xl10°8,
then the inMtrated contaminant could have & maximum presue of Ixi0ix
0.13 » 3.6x10°Y 1o in the volume. The towl partial pressure of the conta-
minant in the volume will be summing the inflitrated and the self-produced,
P 36n10Y + 1201077 4 8x10°7 torr. This pressure determines the rate
af impingement of contaminant on & sutface in the volume, Since P is less
than Py, enly an adsorplion process can aecur and the relationship to be used
for the accuspulation of deposits on & surface is given by equation (18). The
polymeric materisl which ia belng considered a3 the contaminant {(Meihyl-
Phenil-Trisilonane) has an activation energy of about 20 kealimole and M =~
400 g/mole. lis sojourn time on & sutface at T @ 293 will bz 7 @
j0~11 (2000071982293 .. g 310!y, The tate of impingement will be 3.83x
10°2 (400/292)" » 4.4x10°F = 3,269x10"19 g/em? /1 and the deposit which
can occur will be o = yer » 3.27x10710 x 832100 = 2711078 glem? with
the sticking coefTicient taken as one. The deposit will havs 2 thickness of
about JA sasuming s density spproximately equal to that of the water (7 ®
1 /em?). As the lux diminishes, some of this deposlted contaminant may
aciuaily leave the surface.

With regards ta the infliation of particulates, thowe particles which &
directed toward the vent at velocities of about |54 mfs and have dinmeters
up to 1.4x10°" cm will be rejectsd by the pucge gas. The calculations have
been carried cut using equation (21) with g ® 18.1x10°® Pacs, op » 2.65%
10® kg/m? and v = v,/2 = 154.5 m/s. The Reynold's number was calculated
to ahout IR, uging & density p @ 8o/760 = 1 62103 kg/m? for the gas. These
extmates indicate that the proteciion of the telescupe surlaces ngaint con-
tminants can be provided with | torr. What remalng to be deteemined ia the
length of time the purgng should be carrind out. This (ime b limited by the
gas consumption wnd by the operational constrainta. 1th tuggested that the
purgang he catried out for ahuut an heur. The wtal amount of ga which will
be used 13 abaut 0.1 m? at a gressure of 2000 psi. After one houe in ort,
the total bay pressure with the bay doors open it estimated to be about 1074
1orr {without purging) and the contsmiant nutgassing rates should deop by
an order of magnitude (the outgassing rates often drop ane order of magni-
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qude alter e hout 1 vecuu anid 2 ordess 1 about 1 hoais) Further,
with the bay open, the partiad pressure uf Uie charsctanatc contanuisie -
cusad previously should be considarably tass than 1678 oo 1118 b0 be auted
that many of the matarials ustd will et the cniena that thea contamman
fractions be 0.1% of thew mast lost when exposed st 125%C don 24 iy Su,
alsa based on this critenis, the partiak piestuies of contaminants should e 3
arder of magnitude lower than that of the turad presure At the end nf une
hour, while the purging 1 being 1ermunated, the ek upe should be rased
frum the bay, puliied sway f1om the velucity vector, the cabin, the enguies
and f1om the sun. The closuis duot should be fully open i tha inuee tae
fred environmant which exisia uut of the bay, Full sutgassng of the internal
surfaces will fesslt. Howsver, the contuminant piessure in the telecope wil
be st by the conductance uf the clusare doug (1 3 m dis.) and the outgunng
suifaces, 1o P~ P, (AJA, ) whers P, 13 the vapur prasaure uf the ¢ aisminant
[ 1074 o), Ay i the ea posed surfaces of the cutgasung scutces and A
is the npen door aes, The pressure P cannot be preater than I'“ and o fact, it
will be much lass due tw the large vent asen and the ielatively small pren of the
wiganic maserials, Undep thew condittons no additionnd depusits cul kot an
surfaces st 20°C or higher. Sumne depurns could eecut unly ata surlace neat
and facing direcily a source. This condition shauld b prevented whensver
posubly by blocking the fleld-of-new. Thas ventag vanditivn should be
maintaned as long 03 psable 1o enture the depletion of aiost o the vutga
sing, before solar chaervation i carned out. Pravious expencnces would sug-
gest that one should allow st least 24 houn far the outgaing tate to becume
reasonably small,

As indicated, the maximum depont of contaminant after having taken all
the above precsurions, should not exceed JA. Asuming, however, that the
deposit v sbout 10A, 1y estimate of the effect that this thickness would have
on the shsarption at 1215A radiation indicates, using squation (30), that the
lost in transmittance would oe about 8.7%. The sbsarption coefficient was
1aken 16 be o m 9x107 A1 which waa the sverage of the results on transmit~
tance at that warelength of many materials used in space application (refer~
cnce 14).

De-Urbit and Landing Phase

A purging could be employed during the tetuming phase of the flight. I
would provide: (1) protection against particulates, and other gases mad
vapors ingested by the Shuttle during the re-entiy; (2) & heat condugtive me-
dium to wansfer heat out of the telescope; and (3) eliminate tome of the
expenses necestary for the refusbishment of the telescupe. One would need
1o maintain & purging pressure dightly higher than the bay ambicent pressure
which would be increasing as the Shutule descends. The purge supply sy3rem
should have a response time as fast as the presaure increaxs in the vay and
would require n pressure controllet perfarming the ceverse function of the
one used fot the launch phase. A method 1o sestrict the telescope vanung
passage before the teentry could factlitate this pootective approach. This s
possible becauw during reeniry oresute changes occur mose gradually than
those during launch. The para., _ters for the iwo extremes of putging, in or-
bit and on ground, with | tors pressure differentials are indicated in the sum-~
mary tahle.

Conclugions and Recommendations

A methud hes been develaped to evaluate the pratection uffered by gawe-
ans purging of an instiument agsinst extenals and internal gaseous and par-
ticulnte contaminants, The protection is needed while the ipstrument 1 an
the ground and in the Shuttle bay during taunch, reentry and orbiung. Oper-
ational and other restnetions have been cunpderad in the develupment

The analysis of the sesults indicates that masituning 4 pressuee of about
1 1ont stove the extertal envitunment i the inatrument may aflond sutticr
ent protectom against infiltrativg of geweuus and proticulate contanunanis
and abate sufficlently the intemal selfgenerated contaminant oulgansing
The veet dimensions which s dictated by presmure differentials developed
during launch, estahilsh the gurge gas low and the gas quantily needed for
the purgng.

The preventiun of cuntanunents yflltration has been evaluated .o terns
of ths time constant for & gas o inflezate & vent, diffuse in the volwmue and
ihe purge me for ane vir'ume change. The cuntaminant presune whish Lan
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e budl i the volume 1a & fupstion of the ditfusun coefficient ol a gasinto
anuthes at dferent premure, the size of the vidume, the veat scea and 1t
length and a charstenstc dunsnsun of the volume

The sellcontanundtion s prevensed by the high prestues which reduces
the ouigassing rates of the matasals in the volume. The ttad cuntanunant
pramurt in the voduine s obisiied by the supsiposition of the infilizated and
stil-ganarnied pressures. The total contmunsnt depout on & suifacs can be
aitunated basd on the pressure, chami sl pragertas sad the temperature of
the surfsce being contamunnted, In tum, an asumate of the aptical degrada-
tton of that surfaca is obwined umng sxperunentsd data an tie absorpuan of
the contaminant at certain wavelengths.

The protection agunst parucidate conmmants antenng the volunw n
pravided by the dag (orces on the particlan produced by the velivity, density
and viscostty of the purge gas at the vent ext.

The purge gas fluw rates and velocities have been calculated i termn of the
pressure differential, gas temperature and molecular masses. Conuderzuons
un the pressures which the purge Muow would produce in the Shuttle bay, on
the amuunt uf stored gaa which can be camed sdong and on the length of
nme dunng which purpng and free cutgasung can be cared out without in-
terfenng with the instrament operational requirements, have been taken into
account.

The findings of the analysis have been appli d to a sular telescope which
has a volunr: cavity of about 16 m? with an agerture door with an area of
about | .3 m to be opened on command. The summary Table | indicates the
putging requirements, the suggested times for purging and fice outgassing,
and the protection which the purge will offer. The vent a1es which is needed
because of structural integrity duiing shuttle launch, has bzen caleulsted to
tre about 24 w?, During ground operations and launch, the venting through
the sbove area with a passageway about 8 cm long of the nitrogen gas at & few
torr higher than the ambient presure, offer ample protection against gascous
and particulate contaminants. In orbit the purglng at 1 tom, will limit exter-
nal and intemnal contaminant pressuse to about 0,1 the pressurea which would
be otherwise expected. Particles of diameter up ta 0.1 mm with speeds up to
150 m/s will be prevented from entering the volume, The purging is expected
10 indice int the Shuttic bay with doors closed a pressure of about 221072
torr. The amount of purge gas for the recommended one hour purging is
cquivalent to 0.1 m? at 2000 pai. The purging snd the subsequent full veat-
ing are expected to allaw contaminant depotits on volume su “sces of about
3-10A. A 10A deposit can produce about 8% absorption of UV radlatlions,

The following recommendationt, based an the above analysis and other
experiences, can be offemd:

® iuternal snd extemal surfaces should be maintained free of gascous and
particulate deposits duging the various phases of manufacturing, ssem-
bly, tests, etc,

& Matenials employed with the instrument should be selected to have low
outgassing rates with a minimal fraction of condensable products.

& The exposed sutfaces in the instrument of arganic materials should be
A minimum.

o Cntical surfaces should be shielded feom knowa vuigassing sources,

& Untcal surfaces shuwld be kept (with heaters) at temperature slightly
tugher than the others, The heaters may alsy be needed to maintain the
system At certain temperatures, I it is exposed to the quld of space.

o Ground purpng should be carried out with pressutes a tew torr highes
than the 1otal ambient pressure.

* Launch and reentry purpng requires a variahle pressute one tore higher
than the envirenmient pressure.

& The purge pressure while in arbit i ahout one torr and the purge
shautd continue fue shout ong hout. The amount of purge gas for the
telescope will be about (1 m? at 2000 1]

10.

1.

1he volume, while the purge 10 boung teanuated. should be Lied
leamny the bay and lully vented with the vent pointed away froon the
sunl, veluily vector, enginas, cahin

Ihe paasve, full vent outgassng shoauld be alionwed to conluue b
abuut 24 houis o lunger before eapoung the solume to the sun aind
uittiale opstrations

Methods to restnc b he vent pastage sither manually 0r auvusic
should be axplored, Partially «losung the i on ground, i erhit agd
teeniry could save farge mnaunis of puige gaa and offer sddinona
piutection. In vibie, the puige idused preasure in the bay wiuld abw
b ceduced

The depthonl vive wept pastage shoukd he as long as permsaible 1 ha
wonkl extend the infilteation tune cunsiani

The ctosure dintr of the volume tiould be tight dunng pupng as 1o
present additional loss of puipng gas or presa e
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